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Deseription 

TECHNICAL f lELD 

[0001] The present Invention relates lo watfir-repel- s 
\er(t porous &ili~a having uniform mesopores, that Es ap- 
plicable to cai.ilyst ca/Tier, adsorbent, light funclional 
mmerial, eicciion functional material and the Hke. a 
process for pn;paring the viater-repeileni porous silica, 
and uses of tlit.- wBter-repellent porous silica. io 

BACKGROUND ART 

[O0Q2] Porou'j Inorganic compounds having uniform 
mesoporas have larger pores than conventional oxidafi Ti 
such aszecliie. and application of those oonr^ounds to 
catafysi can'lei separation adsorbent, fuel baneiy and 
sensor has tier.*n studied. 

[0003] As Tor a process for preparing such an oxide 
having unfform ■ oesoporcs, e process utilizing control of ^ 
the siructure oi an inorganic material by the use of an 
organic compound has been paid attention because an 
Qjcide of novel -- lape and struoture can be obtained. In 
pertlfiular, an oxicto having unJfomn moeoporos, that is 
synthesized by udlizing self organization of en orgen^ 
compound end en inorganic compound, le Known to 
have a larger pone volume and a larger euifaoe area 
than conventl6iiel oxides such as zeolite. 
[0004] As e pi ooess for preparing an oxide having uni- 
form pores utili/ing self organization of an organic com- 
pound and an Iriorganic compound, a process comprte^ 
ing subjecting a sflica gel and a surTaoe active agent to 
hydrothermal cynthesis reaction In a beat-fesistant 
closed vessel ti* prepare such an oxide Is described In, 
for example. Wl ^91/11 390. In fluff. Owm, Soc: J^, VoL 3s 
63, p. dea (1900), a process comprising subjectmg 
kanemlte that is n kind of a layered silicate and a surface 
acth/e agent to inn exchange to prepare such an oxide 
te described. 

[0005] On the other hanri» the o;dde having unlfomn 
mesopores has « i def ectthat the oxide is liable to adsorb 
moisture becau.'.e of Its large pore volume and surface 
area. That is to s»iy, the oxide having uniform mesopores 
prepared as oeM^rlbed above has a targe pore volume 
and contains a groat number of hydrQxyl groups present ^ 
on the pore sunaces. Tberefore, the oxide has high 
rTTolslura adsorpiion propenies, and the alrudure of the 
oxide Is change<J by the adsorbed wsierorthe periedle 
structure of the poree is dlslntegroted. 
[0006] Many p< stents to improve the moisture adsorp- so 
lion properties hove bean applied so far. For example, 
it is doscrijcd )n Japanoso Patent Lald-Open Publica- 
tion No. 14413/1^101 that en organoailicon hallde com- 
pound as a startrr .g materiar is allowed to react with SiO^ 
in an organic sotvant to develop water repeliency. In this 55 
eeae. the organ k: group Imparts water repeDency to 

[0007] Surface irestments of sDIca end a silica gel are 



30 



described In VAnous pubKcations. In Japanese Patent 
Laid-open Publfcation No. 1 81 71 5/1 933, treatmeni with 
an organosilene haiide and water vapor is described; in 
Japanese Patent Laid-Open PuWication No. 
295226/1986, treatment with slllcono or the lilce Is d«y 
eerlbed; In Japanese Patent LaW-Open Publication No. 
59415/1 990, bonding to a hydrophobic organic group Is 
described; in Japanese Patent Laid-Open Publication 
No. 1 07B02/1 990, ireatment with a fluorlnating agent In 
the presence of water is described; in Japanese Patent 
Laid-open Publication No. 199342/1995. treatment by 
Immersion of a substrate In a solution obtained by add- 
ing NHI4F to a water-based solutton of alkaxysiiane is 
described; and in Japanese Patent Laid-Open Publica- 
tions NO. 157643/1996, Nc. 242717/1997, NO. 
25427/1998 and No. 140047/1998, treatment of an in- 
organk: oxide with a fluorine<:oritalnlng organosllloon 
corrpound as a surface treating agent Is described. All 
of Lhe£d meihod^ have improved moisture ^dsorpUon 
properties of silica. 

[OOOd] Further, In EP07997si . treatment with a sili- 
cone oil having an cpoxy group of with an amine com- 
pound having en amino gmup Is described; In Chinese 
Patent No. 1 ,072,654, treatment using amino or pyrro- 
lidone is desort^ed; and in U.S. Patent No. 4,164,509, 
sulfonic acid treatment is doscribed. Moreover, ^ Jap- 
anese Patent l.^id-Open Publicatton No. 92621/1994, 
treatment compristng hydrolyzing tetraethoxyellane end 
coacting a substrate with the riydrblysis solution Is de- 
scribed; In U.$, Patent No.4.560,893.treatnieniby con- 
tact with SIF4 to Improve water repeliency is described; 
and In U.S. Patent No. 4,054,689, treatment by contact 
whh a HF gaa to improve water repeliency is described. 
[0009] The above methods, however, are all surface 
treatnnents or siliCB, and it Is difficult to homogeneously 
treating inside aurfaoes of pores of the porous silica In 
addition, they are not satisfactory as meitheds to inv^ 
prove moisture adsorption propenlee of the porous nna- 
tenals frum the viewpoint of application of the resulting 
silca to light functional materials or electron functional 
materials, because ttiere are disadvantages such that 
the treatment In water disintegrates the pore structure, 
the treatment with an organ k; maiehal results in low heat 
resistance, and the F treatment by the contact with e 
gas results in on^ a temporary eftect, 
[0010] Jn Materials Lstters^ (2000), pp, 102007, a 
process for preparing waicr-^ellent porous silica hav^ 
ing uniform pores, comprising dropwi&e adding a HF so- 
lution to a caustic aoda solution of silica and performing 
hydrothermal synthesis Is descrbed. From the porous 
adlcp prepared by this process, however, any film cannot 
bo formed, in addition, Na romaining In silica hrndcns 
application of the silica to a light funcxtonai material or 
an electron fundional malerial, 
[0011] On the other hand, flmns comprising oxides 
having unlfonn mesopores have been proposed recent- 
ly, and application of those fltms to light functional ma- 
terials or electron functional maierrats has been highly 
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^peeted. f or axample, in Narnr^, Vol. 379, p. 7G9 
(1996), a pn'Oesa comprising placing a mica boani in a 
solution es'.fintialiy consisting oT tetraalkoxysilano and 
a surface BC:iive agent lo form a film on a surface of the 
mica is des- ribGd; in Nature, Vol. 381 . p. $89 (1 996), a 
process for ronming a f]^ on a Ikfuid levef of a solution 
essentially consisting of tetraalkoxysilano anc a surface 
aalve ageni is descrrbed; and in Science, Vol. 273, p. 
768 (1 996), ri process for forming a film on an interface 
between an uD layer containing tetraalicoxysilane and a 
water layer txntaining a surface edive agent is de- 
5cnbedrTh(.'.He processes, however, industrially have a 
problem thai a long period of time is nocessary lor the 
formation ol a film and a large amount ot a powder is 
produced ar a by-product together witti the film. 
[0012] In J ipanese Patent Uid-Open Publiodlfon No, 
1 94296/1 99 / , a process comprising coating a substrate 
with a aoluiiun essantlally consisting of tetraalkoxysf- 
lane {and b .vurface Hdive ageni Lo (orm a film hav'rr^g 
ppres reguleii ly disposed is disclosed. In WO9S/37705, 
B process lof formf ng a film, which comprises converting 
a eLrrfecB acirve agent Into an amphiphatic bfocR copol- 
ymer to make, pores iargei is disclosed. These process- 
es dro indusi • ially uecf because films aro produced for 
a short porieci of time. In the resulting porous films hav- 
ing unifomi coras, howover, gradual variation of the 
structure or dlsintogration of the periodic structure of 
pores takes place because of tha aforesaid moisture ad- 
sorption proi 'ertles, and thereby the conductivity be- 
comes high. TTius, these porous films have a probiom 
when they aid appllod to light funoUonai materials or 
electron functional maien'ols. 
[0013] Aoci^rdingly, developmem of a highly water-re- 
pellent film hiiving untform pores has been eagerly dB» 
sired. 

DlSCLOSURh OF THE llNT/Er^Or^ 

[0014] ^ is hH object of the present Invention to pro- 
vide water-repenent porous silica having urtlfomi pores, 
that Is appllcanie to a iightf unctional material or en eleo- 
von functions material, and to provide a srllra film, a 
pn^ursor solution for tonning the silica, a process for 
preparing tne ama and uses of the silica, 
[0015] AS a fesuli of earnest studies to achieve tne 
above-mentioi>ed object, the present inventfon has 
been accomplished. 

[0016] The water-repellent porous eilioa aoeorelfng to 
the present lirventlon is water-repellent porous silica 
having unlforni pores, whioh oompriseB silicB skeleton 
wherein fluorinrs atoms are nxed through covaient bonds 
and-v^hich her an alkali metal content of not mom than 
10 ppb, 

[0017] Tho iiuorlne content In the silica skeleton Is 
preforably in ttie mnge of 0.3 to 1 5.0 % by weight. 
[0016] n is P' of arable that the mean pore size of pores 
of the porous mUca is in the mngo of 1.3 to 10 nm and 
the porous silk:a has a periods crystal structure of he;<- 



figonnl system when examined by X-my diflractometry. 
[0019] It is also preferable that tha mean pore islze Is 
in the range of 1 .3 to i o nm and the porous silica has a 
crystal structure of Irregular arrangement. 

s [Q020] The process of the present invention for pre- 
paring the watar-rcpelh3nt porous sPica having uniform 
pores, eard siSca comprieiog silica skeleton wherein flu- 
orine atoff« are fixed through covaient bonds, compris- 
es the steps of partially hydnolyzing a fluorine-containing 

10 trialkoxysflane rsprosentcd by tho following formula and 
a tetraalkdxysllane under acidic condition, then drying 
a solution resulting from the hydrolysis and mixed with 
a surface active agent, and removing the surface active 
agent or extrectioni 

15 

(20)3SiR 

wherein Z is mainylt ethyl, n-pnopyt, l-propyt, n-butyl, l- 
buty(. i-butyl or sec-butyf, and B b e nuorine atori, 
(CH2)a(CF2)b(0(CF2)JrtX (X \s a fluorine atom, OCF3, 
OCF(CF3)2, 00{CF^^t an aikyi group or a phenyl group, 
a is a number of 0 to 3, b Is a nuntber of G to 3, 0 is a 
number of 1 to 3, and d Is a number of 0 to 3) or 
CgHgFja^j (e Is a number of 0 lo 4). 
[0021] When the desired water-repellent porous silica 
is a powder, the solution can be dried by spray drying. 
(0022] The f luoHne^ntatnlng trlalkoxysflane Is pref- 
erably trletho3tyfluomeIlane. 
30 10023] The tetfaaikaxysilBne is preferably tatraflthox- 
yaOane. 

[0024] The nnolar ratio of the fluorine-containing tri- 
alkoxysilane to the tetraalkoxysilBna is preferably In the 
range of 0.01 to 1 .2. 

S5 [0025] The number of molaa of tha surface active 
agent is preferably in tha range of 0.003 to 1 lime the 
sum of the numbers of moles of the fluorine-containing 
trialkoxysllane and thetetraalkoxysliane. 
[0026] The suffaoe active agent is preferably an alhy- 

40 lanunenlum salt represented by the foUowing fomraila: 



4ff Wherein n is an integer of 6 to 2^, and X Is a halide ion, 
HSO4- or an organic anion. 

[0027] The surface active agent Is also preferably a 
compound having a polyalkylene oxkJe structure, 
fOOSB^ The film according to the present Invention is 

so a flkn comprifiing the water-repellent porous sinca. 
[0029] The thickness of the wator-nopollont porous sil- 
ica film Is preferably In the mnge of Q.01 \im to 2.0 mm. 
[D030] Tho water-repellent porous silica film can be 
used as a layer insulation film. 

ss [0O31] The precursor solutk>n according to the 
present Invention is a precursor solution for forming the 
water-repellent porous silica. 

[0032] The precursor solution for forming the waters 
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repsDent porous fiilic^ is obtained by pnrtinDy hydroty/* 
Ing a flubnne-i.ontalning trialkoxysllane represented by 
the fDlloYving iormula and a tetraalKoxy&ilane under 
acid'c condition and Ihen mixing the resulting hydrolysis 
fiolution with c> surface active agent; 

{Z0)3SiR 

whertln Z id nieihyl. athyl, n-propyj, [-propyl, n-^utyl, l- 
butyl. i-butyl nr sec-butyl, and R is a fluorine atom, 
(CH2)a(CF2)b(« J(CF2)c)dX (X is a fluonne atom. 
OCFCCFaJgi 00(0^3)3. an alkyldroup or a phenyl group, 
a is a number of 0 to S, b is a number of 0 to 3. c is a 
number 0! 1 tv> 3. and d is a number of 0 to 3) or 
C6HoF($.ftj (e i.'. a number of 0 to 4). 

in the precursor ^iutlon far the forming water- 
repellent porous sllicd, the molar ratb of the fluorine* 
coniiiining LrieiKoxysllEUie lo ihe lalraalkoxysftana Is 
preferably In thf? range of 0.01 to 1 .2. 
[0034] In the precursor eoiution for forming the water- 
repellent porous slJica, the number of molss of the eur- 
face active ag(:at Is preferably In the rango of 0.D03 to 
1 time the sum of the nurnbors of moles of the fluorlno- 
comaining trialkoxysllane end the tetraallcoxy&nana. 
[0035] The si'rface active agent used for tiie precur- 
sor solution for lomnlng the water-repellent porous silica 
ffi preferafol/ an alicylarrvnanium salt represented by the 
following fomnuia: 

wherain n la an integar ef S to 24, ancf X is a halide ron, 
HSO4- or an organic anion. 

[0E)36] The sLrfaca active agent used for the precur- 
sor solution for lunr^ng the water-repellent porous silica 
Is also preferably a compound having a polyalkyiena ox- 
ide structure. 

BEST MODE R:>R CARRYINQ OUTT>iE INVEMTION 

[0Q37] TTie piosent invention is qeecTibed In dctaiJ 
heremaftar. 

[003a] For pi<.pa;1ng water-repeiienl porous sIDca 
having uniform poree, which comp^ee silica skelaion 
wherein fiuorinL-* atoms are fixed through covaleni 
bonds, hydrolysis reMlon of a fluorine^ontaining tn- 
alicoxysiJane with a tetraaiicoxyanane Is earrieci out first. 
[OOdd) Through the hydrolyvia reactionp the fluorine- 
containing trialiccjxysUano and the tctraalkoxy^lleno arc 
co-condensed, find fluorine atoms to develop water ro- 
peliency aro hig^iiy dispersed and fbced in tho copolymer 
which becomes fi body of a silica film. 
[0040] The hydrolysis i$ desired to be carried out In 
the pH mnge of 1 to 4. As the pH adjusting agent, any 
add is empJoyaliie, and examples thereof include hy* 
drochloric acid, hydrobrDmicacId, nitric add and sulfuric 



acid, 

[0041] Examples of the fluorine-containing triall^ox- 
ysiianas include trimethoxyfluorosiiane. triethoxytluoT- 
osllane, triisopropoxyfluorosllana and tributoxyfiuorosi- 
lane. In partlcsular. use of trtelhoxylluorofillane is prefer- 
able. The fluorine-containing trtaHcoxyelianGs can be 
used singly or in combination of two or more Kinds, 
P042] Examples of the tetrBaikoxysIlanes include la- 
tran^ethoxysilane. tetraethoxysilane, tetraisapn)poxysl- 
10 Jane and tatrabutytsilana, in particular, use of tetraelh ox- 
ysllane is preferable. 

p)043] The hydrolysis ia carried oin by adding a pH 
adjusting agent and water to the fluorine-containing tri- 
all<oxysilane and the tatraa|)<oxy&jlana. The amount of 
IS water added is In the range of preferably 0.5 to 20 mol 
based on 1 mol of the aUcoxysiiane, and the hydrolysis 
is desirably conducted at room temparature for several 
minutes to 5 hours. 

[0044] The hydrolysis may be conducted in ihe prea- 
sp ence of a solvent Examples cf the eolsrenis employable 
Include prln>ary alcohols, such as methanol, cthanol and 
1-propanol; secondary alcohols, such as 2-propanDi 
and 2-butanol; tertiary alcohols, such as tertiary Dutyl 
alcohol; acetone; and acctonltrflo. The aofvcrtts can be 
used singly or in oomblnalion of two or more Mnds. 
[0045] By changing the molar ratio of the fluorine-con- 
tainfng trialkoxysllane to .the tctraaiicoxysllane, the 
amounts of the fluorine atoms capable of berng f ixad In 
the filllca fiireleton can be changed^ The f tuorina eontem 
30 In the sifica sicelaton can be measured by elemental 
analysis. The fluorine content in the silica siceieton is fn 
the range of preferably 03 to 15.0 % by weight, more 
preferably 0.3 to 1 0.0 % by weight, particularly prefera* 
bly 0.5 to 7.0 % by weight 
35 [0046] The crystal structure can be conTirmed by X- 
ray diffractomatry. Jn order to otTtain water-repelient po- 
rous silica having a hexagonal periodic crystal structure 
and having pores of uniform sizes, the molar ratio of the 
fiuorine-containrng trialkoxysilane to the tetraallcoxysi'> 
lane is in the range of preforably 0,01 to 1.2, more pref- 
eraby 0.01 to 0.5. particularly preferably 0.05 to 0.3. If 
the molar ratio is less than the lower UmIt of the above 
range, the effect of water repellency cannot be obtained. 
If the molar ratio is more than the upper limit of the above 
range, the pore sites become ununltorm and a hexag* 
onai periodic crystal strucoire cannot be formed ocea- 
Gionaiiy. Even if the molar ratio is in the above mnge. a 
periodic crystal stnjcture having microscopically hexag- 
onal system femned by variation of the an^ngement at 
50 snort inteivais but having no disflnguishable pealc found 
l3y X-ray dlff radtometry, namely, a crystal structure of eo- 
callod irregular arrangomont Is obtained doponding up- 
on the proparation^ndltlone. Even in this caso, how- 
ever, the resulting silica has uniform pores having equal 
6s sizes, 

[0047] The alicali metal present in the eilica» even in a 
slight amount, hinders application of the silica to an elcc- 
uon functional material, 60 that the amount of the alicali 
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tnetRl contRiiii)d In the silica is desired to bdas small fis 
pos£iblo. Moii! epectrjcally, the content of the alkali met- 
al in the waU r-repellent porous silica is prefernbly not 
more than 10 ppb. The Influence of ihe alkali metal can 
be generally \a6Qed by measuring elQctrical properties 
of a film cf thi; like prciduced from the sjltea. 
[Q04B] Aflei the hydrolysis reaction of the fluorine* 
containing trinlkoxysilane with the tetraalkoxysliane, a 
surface actlvr agent i& added, and the mixture is stirred 
forpreterably several mlnutea to 5 hours, whereby apre* 
cursor solutlor i for formins water-repellent porous silica 
can be obtalncKl. 

[0049] II is desrr^Me io uee a compound havrng a 
long-chain alkyi group and a hydrophil'c group as the 
surface activr agent. The long-chain alkyI group i& pref- 
erably one having 8 lo 24 carbon atoms. Examplefi of 
thQ hydrophilic groups include a quaternary ammonium 
salt, an amlnt. group, a nltroso group, a hydroxyl group 
ctfid iA wrbo?(yi group. Speciflcalfy, U is prelerable to use 
an alkylanwno' lium salt repreeented by the folJov^ing for- 
mula: 



wherein n b art integer of 8 to 24, and X is a haUde Ion, 
HSO4- or an diiganlc anion. 

[0050] By changing the molar ratio between the sur- 
face active agnnt added and the alkoxysliiine, the crys^ 
tal stnjcture of ihe resulting water-repellent porous alfica 
can be controlled. 

[0051] Whei-> the surface active ^gent Is an alkylam- 
nrwnlum salt, ine number of mo^ of the surfaco active 
agent Is in the range of preferaJ^ly 0.03 to 1 time, more 
preferably 0.0*» to 0^ tlnf>Q, the sum of the numbers of 
moles of the fluorine-containing trialkoxysilane and the 
tetraalkoxysilerie. if the amount of the surface active 
agent is srrfflllcr than the above amount, extra silica in- 
capable el co/icribMtlng to self organization |$ present 
and the porosiiy Is markedly lowered. If the amount of 
the surface active agent is larger than the above 
amount, a heitagonal perk>dlc crystal structure having 
unif onn pores cannot t>e formed, resulting in disadvan- 
tages such as uislmegration of the sinjcmre dunng the 
calcining. 

[0052] As ihr- aurface acih;e agent, a compound haw 
Ing a polyalKyii-ne oxkJe strudufe is also employable. 
Examples of tiii^ polyalkylene o^cide structuree include 
pofyethyiene oxifie stniCture. pofypropytene oxide struc- 
ture, polycetran)eihylene oxlds «tnieture and polybuty- 
lene oxide struniure. Examples of such compounds ifv- 
cfudo other typ^-! compounds, suefi e^ poiyoxycthyiono/ 
polyoxyprppylei le block copolymer, polyoxyeihylene 
polyoxypropylofio alkyl other, po|yethyleno alkyi ether 
end polyoxyethviene alkyi phenyl ether; and ether ester 
type compounc^ , such as polyoxyethylene glycerine fat- 
ly Bdd ester, pniyoxyethytene $ort}itan fatty edd ester, 
polyethyiene so; bitol fatty acid ester, sortitan fatty acid 



eeter, propylene glycol fatty acid ester and aucraee fatty 
add e&ter. 

[0053] When the surface active agent is a compound 
having a polyalkylene oxide stmcture, the number of 
s moles of the surface active agent is in the range of pref- 
erably 0.003 to 0.05 time, more preferably 0.005 to 0 .03 
time, the sum of the numbers of moles of the fluorine- 
containing trialltoxysilane and the tetraalkoxyeitane. if 
the amount of the surface active agent is smaller than 
10 the atwve arrount, extra silks incapable of contributing 
to self organizatjcn is present and the porosfty is manc- 
edly lowered occastonally. If the amount of the surface 
active agent is larger than the above amount, a hexag- 
onal periodic crystal structure having u nifonn pores can- 
's not be formed, resumng in disadvamages euch as dis- 
integration OT me structure dunng the removal or the sur- 
face acth/e agent. 

[0054] The surface acth^e agem may be added In tha 
form of a solid or a soluilon obtained by dl&solvlr>g the 
so svjrrace ective agem in a solvent or a hydrolysis eolation 
of Bikoxyslane. 

[0055] The precursor solution obtained by the addi- 
tion of the surface active agent is dried, end then the 
surface active agent la romovod by cabining or axtrac- 
^ tion, Whereby wa(ter-4«peilent porous ellbB can be ob- 
tained. 

[0056] With the preeursorfioiutlon, a eubstrale is eoet- 
ed, and the solution is dried. Then, the surface active 
agent is removed by cakrinlng or extraction, whereby a 

99 water-repellent poreus siiba film can be obtained. 
[D057] The drying conations are not specificaHy re- 
stricted, and any condition is available as far as the sok 
vent can be evaporated. When the desired water-repeW 
lent porous smca Is a powder, tbe solution is preferably 

35 ciried by epray drying. 

[0O58] Likewise, the calcining condltktr^ are not epe- 
dfically restricted, and any temperature is available as 
far as the surface acth» agent can be removed at that 
temperature. The eaidntng may be cenled 9ut in the at- 

40 mosphere or inen gas, or In vacuo. 

[P05d) The porous silica obtained as above ia appli- 
cable to a catalyst canier or a f Hler. 
[0060] The porous eQba film obtained as above ax*- 
hibits high water repeliency and high transparency even 

45 When It 18 in a self-supporting state or It is bonded to a 
eubstraie, and hence the fUm is applicable to a light funo- 
lional malerlal or an oleclron functional material, such 
as layer Ir^ulation film, electron recording medium, 
transparent conductive film, solid electrolyte, light wave- 

^ guiding channel or color member for l-CD, Particularly, 
the layer insulation film needs to have strength, heat re- 
QiBt^noc and low dielectric constant (high poro&ity), and 
the ivster-repoliom porous £illea film having such uni- 
form poros Is promising. 

ss [QO6I] The term "water rapellency" used herein 
means such a state that even If operations consisting of 
fijfficiently exposing porous allba In the form of a film 
or a powder to a nltngen etmosphere at a temperature 
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Of 25*0 And » n lative humicHty of 80 % tkrvi then putting 
H &ad< in a ciry nitrogen atmosphere are repeaiod, the 
porouB silica i$ :-:u&6taniIally free frum weight ctiango or 
fitruciure dial nil .'grdtion due to water fidsorpiion. Ther^ 
fore, small change in ^^^e\^U[ due to water adsorption 
nneans high wtiier repeilency, and hones the weight 
change is prelcrably as smalf b$ possible^ particularty 
preferably not n »orB than 3 % by weight. 
[O062] As the :£Libstrate on which a film of the water^ 
repellent porou.<-- silica is fonned, any material that is 
genemlV used is empioyabfe. Examples of the sub- 
strates include {iiaes, quans, silicon wafer end stainless 
steel. The substrate may have any shape such as a 
shape of plate or d|sh. 

[0063] Examples of methods for coating the substrate 
include general c^nee audi as spin coating, oesi coating 
and dip coating, m case of spin coaung, the substrate Is 
placed on a spinner, tlien a sample Is dropped on the 
substrale, and Uie subslraie is rotated at 500 lo 1 OOdD 
rpm, whereby a ^vaterH-epellent silica film having a unh 
lonm thIcicnesB cm be obtained. 

EXAMPLE 

[0064] The pn .;ent invention is further described with 
referonco to the lollowind examples. 



MoisturB adsoqaT i on test 

[0065] In the examples, the moisture adsorption test 
was carried out in the following manner. 
[006fi] Plrst, H :;peelmen was calcined a 400"C arkd 
then ailowad to sr^nd sti'il in a stream of diy nitrogen at 
room temperature.' until a constant walsfht was reached. 
Next, the spedm* n was allowed to stand stIU In a nitro- 
gen atmosphere 1 LIT 10 minutes at a relative humidity of 
90 %. Then, the f.|7ecimen was put back in a stream of 
dry nitrogen agair. and allowed to stand aSI until a con- 
stant weight was reaohad. These operatbns wars re- 
peated 20 times, and when a constant weight was 
reached In the st''<7am of dry nitrogen, the weight was 
measured. A difference between the measured weight 
and the initial wei^im was calculated to determine weight 
change. 

[0067] increase m the weight of the specimen in this 
motsiure adsorpt/on test means Increase in the ad- 
sorbed walar or iiie specimen, and email ohange In 
weight means higi. water repellen^. 



hours, a transparent homogensoue praour&or solution 
was obtained, Severei aropt&IS or the precur^orsolutlon 
were placed on a surface of a glass plate, and the glass 
plate was related at rpm fono seconds to fomi a 
s film on the glass pJate surface. By the X-ray diffractom- 
etry, the film obtained was found to have a structure of 
periodic arrangement having a spacing of 3.5 nm. 
[0069] By the X-ray diffraciometry, further, the film 
was found to retain a structure of pen'odic arrangement 
10 having a spacing of 2.9 nm even after drying and then 
calcining at 400"Cp and it was eontimidd from a section- 
al photograph of the film that the pores had a hexagonal 
arrangement siructt/re. As a result of measurcmem of 
a film thiclcness by a film thicknefis meter, the film proved 
13 to have a unifonn tnlekness of QJZ Mm. in the moisture 
adsorption test of the film, the weight change wasstd>- 
siamlally 0 % by weight, and this nim proved to be a 
porous film having high water repeltency. 
[0070] Then, the porous film was saLtiraied wllh water 
£0 and allowed to adsorb water in a humidifier at 40'*C for 
24 hour&, followed by heating under vacuum. The 
einiount of water liberated by the heating under vacuum 
was analyzed by a quadrupoie mass spectrometer (na- 
fcrrcdto as a ■Q-mass" hereinafter). As a result, water 
liberation was not observed, and from this, it was con- 
firmed that water was not substantially adsorbed inside 
the film pores. 

Compaiifltive Example 1 



Exampie l 

IP068] TotrBOthoxysllano (7.0 g), trtothoxyfluorosiiano 
(0^ g) and 1-proprinol (17 mQ wore mixed and stirred. 
To the mfxture, 0,4 ml of IN hydrochloric acid and 8.0 
ml of water were ;idded. followed by further stirring. 
Then, d.o ml of 2-r'Utanol was added, and the mixture 
was mixed with ast-lutlon of 0.95 g of eetynrimethylam- 
monhim chlorldo In 4.6 ml of water. After stirrtng for 2 



[0071] • A film was formed on a glass p late in the same 
manner ea in Example 1 , except that triethoxyfluorosi- 
tone was not added. By the X-ray diffraotomatry, the film 
was found to have a structure of periodiD arrangement 
having a spacing of 2.8 nm after calcining Bt400^C. and 
It was confinned from a sgctienai photograph of the film 
that the pores had a hexagonal arrangement structure. 
Jn the moisture adsorptron test of the film, the weight 
gradually increased, and a weight change of 6 % by 
40 weight was observed after the completion of 2Q umee of 
the operations. From this resuh, it was conflimed that 
the film had poor water repetlency and watar was ad- 
aortted by the film. 

[0072] Then^ the porous film was saturated with water 
and allowed to adsorb water in a humidifier at 40"C for 
24 hours^ followed by heating under vacuum. The 
amounl of water nberaied t^y the heating undar vacuum 
was analyzed by a Q-mass. As a result, water Hberatlon 
wasgnsat, and from tfiis, It was confinned that water was 
^ adsorbed inalde the film petes. 

Example^ 

[0073] A precursor solution prepered in the same 
SB manner as in Exampie 1 was subjocted to spray drying 
to obtain a dry powder. By the X-ray dif/ractometry, the 
powder obtained was found to have a periodic hexago^ 
nal arrangement structure having a spacing of 3.5 nm. 



^fSDQClO: *ep Tao543Ul J > 



PAGE 10/5rRCVDAT»061:S3:12PM [Eastern standard Tjme]'SVR:USPTO{FXIV^^^ 



Mar-08-2006 01 :58p{n 



From-ALSTON AND BIRD 



4048817777 



T-209 P. 01 1/051 F-027 



n 



EP 1 205 43S A1 



12 



By the X-tTiy diflractometry, further, the powder whs 

found to mtiiin a periodic hexaQonal struaure having a 
spacing of 2- 8 nm ev^en afler drying and then cafcining 
at 400*C. Moreover, Jl was confirmed by the Blemental 
analysis thai fluorine atoms were present in the powdor 
in amounts I'f 1 .04 % by weigrit and the amounts of do- 
dlum atoms were below the Rmil of detection (below 10 
ppb). lf\ the rriDlsture adsorption test of the powder, the 
weight change was substantially 0 % by weight, and this 
powder provcid to be porous slJica having high water re* 
peUency. 

— [OOT'q — =BiC' fi, tho p owder was ^tu n 
and allowed to adsorb tracer In a humidifier at 40"C for 
24 hours, followed by heating under vacuum. The 
amount of w.ner liberated by ihe heating of the poweier 
under veeuum was anah^zed by a O-mass. Ae a result, 
water iiberatiun was not observed, and from this. It was 
confirmed thnt water was not substantial^ adsorbed In- 
6fde the powf Jer pores. 

Comparativg Example 2 

[0075] Into a solution of 2.16 g of sodium hydroxide 
in 90 g of waior, 6 g of eilica was Introducod, and they 
were stirred hi 80^0 for 2 hours. To the solution. 1 8.2 g 
of cetyttrlmeihylemmontum bromide was added, fol- 
lowed lay fitlh mg at room temperature for 1 hour. To the 
solutbn, a solution of 0.6B g of 40 wt% hydrafluorie ecfd 
in 00 g of wiiiar was further Added, lha mixture was 
stirred at noori i temperature for 2 hours and then allowed 
to stand as 1 0O^C for 9 days in an autoclave to prepare 
a powder. THl powder was filtered, washed with a large 
amount of m>ieA dried at 1 0O^C for one day and night 
and calcined rX 550*0 for 10 hours in air By the X-ray 
dfffractometry the powder otitainad was found to have 
a periodic hexagonal structure having a spacing of 3.4 
nm. Furlhor, ft was conflmied by the elemental enalysis 
that nuorine fioms were contained in amounts of 0,6B 
% by weight and sodium atoms were contained In 
emounis of 6.n ppm in the powder. 



Example 3 

[0D76] A riini formed in the same manner as |r) Exam- 
ple 1 was drletr. and then extraction of thesunace active 
agent was cairred out using an eihanol solvent. By the 
X-f»y dUTrBdoineijy, the film obtained w^ found to re- 
tain a struoun.- of periodic arrangement having a spac- 
ing of 3£ nm nfter the extraction, simflarly to E^campie 
1 , As a result t'f measurement of a film thickness by a 
film thickness meter, the film proved to have □ uniform 
thickness of 0 2 ^m. In tho moisluro adsorption test of 
the fSm, the wulght ch^ge wae substantial/y 0 % by 
weight, and this, film proved to be a porous flm having 
high water repodency. 

[00771 Than, che film whs smurated with water and al- 
lowed to adsora waier in a humidifier at 40''C for 24 
hours, followed by heating under vacuum. The amount 



of water liberated by the heating under vacuum was An- 
alyzed by a O-mass. As a result, wator liberation was 
not Observed, and from this, ll was oonfimied that water 
was not substantially adsorbed inside the film pores. 

5 

Example^ 

[0078] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 were placed 
fO on a surface of an acetyl cellulose film, and the aoetyt 
cQlluiose film was mtated at 2000 rpm for 10 seconds 

tnhe aoetytxelluioiislie'lllm'WfES;^ 
drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 
IS self-supportingfllm. By the X-ray diDractomeiry, the eoif" 
supporting film obtained was found to have the same 
Stniciure as that of Example 1 . 



so 



Example 6 



[0079] A film was formed In the same manner as in 
Example t , except tnai the amount of cetyltrimethyiam- 
monium chloride wae changed to 1 .75 g from 0.85 g. By 
the X-ray dlffractornotiy, the film otrtaincd was found to 
SB have a periodic cubio structure. In the moisture adsorp- 
tion test of the flin>, the weight change was substantially 
0 % by weight, and this film proved to be a porous tilm 
having high water repeliericy, 
[0080] Then , the film was saturated with water and al- 
30 lowed to adsorb water in a humidifier at 40*C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by tha heating under vacuum was an- 
alyzed by B O-masB. As a result, water liberation was 
not observed, end from this, it was ^nfirmed that water 
^ was not substantially adsortsed inside the film pores. 

Example 6 

[0081] A film was formed in the same manner as in 
•<o Exarripte 1 , except thet the amount of cetyltrimethylam- 
monium chloride was changed to 0.75 g from 0.95 g. 
Although a regular stnicture was not confirmed by the 
X-ray dlfrractometry, It was oontlnned from a sectional 
photograph of the film that the film had a structure of 
45 wonn-llke arrangement. In the moisture adsorption teat 
of the f llm» the weight change was subsuntlally o % by 
weight, and this film proved lo be a porous INm having 
high water repeliency. 

[0082] Then , the film was saturated with water and al- 
lowed to adeort) water In a humidifier at 40'*C for 24 
hours, followed by heating under vacuum* The amount 
of water llbcratod by tho heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
ss was not substaniialiy adsorbed Inside the film pores. 
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Exfimple 7 

[0083] Telra/rthoxy$J!an9 (10.0 9), trfethoxyfluorosf- 
lane (0.5 g) am ethanol (50 mi) were mixed and stirred. 
To the mixture. 1 .0 ml of IN hydrochloric acid and 10.0 
ml of water were added, fotlowed by further stirring for 
1 hour Then. II le mixture was mixed with a fiolution Of 
2.B g of a poly(hikylaneoxlde) block copolymer (Piuronlc 
P123. availabk from BASF, 

HO(CHjCH20;,«(CH2CH(CH3)0)7ofCH2CH20)2oH) in 
. 60 ml of ethanol. After stirring for 2 hours, a transparent 
homogeneous i^recur&oreolirtfon was obtained. Soveral 
dmpiets of the precursor solution were placed on a sur- 
face of a glass I ilate, and the gloss plate was rotated at 
2000 rpm for 1 0 seconds to form a film on the glass plate 
surface. By thr X-ray diftractometry, the film obtained 
was found to h ive a structure of periodic arrangorrtont 
having e $paclr(} of 5 A nra By ihe X-ray diffractometry, 
further, Ihe lllm was found to retain a strucLura of periodic 
Brrangement having a spacing olS.O nm even after dry- 
ing and then oiitcining at 4oa"C, and it was conflrmecf 
from a eeoUonM photograph of the film that the pores 
had a hexagonnl arrangement struetuna. Aa a re&uK ef 
moasurcmcnt 0 r a film thicltncss by a fitm thicfcnoea mo- 
tor, the film pnaved to havo a uniform thiokness of 0.1 
(im. in the moislijre adsorption test of the film^ the woEght 
change waa aut^sta/itiall/ 0 % ^ weight, and this film 
proved to be a porous flln having high waiter repeilency. 
[OOOd] Then, 1 he porous film was saturated with water 
and allowed to ridsorb water in a humidifier at 4Q«C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the heating under vacuum 
was analyzed by a Q-maas. As a result, water liberation 
was not observed, and from this. Q was confirmed that 
water waa not .^ub6tantlally adsorbed inside the film 
pores. 

Compai^fve Ex; jnple a 

[IMS] A film wiis formed on a glass plate in the same 
manner as in EXfimple 7. except that triethoxyfluoros)- 
iane was not ada^d. By the X-ray diff nactometry, the film 
was found to hevi> a structure of perloatc arraogement, 
and it was confim-kedfrom a sectional photograph of The 
film that the pore/, had a hexagonal an-angoment struc- 
ture. In the moi.siure adsorption test of the film, the 
weight gradually increased, and a weight change of 9 
% by weight wat. observed after the completien of 20 
times of the operations. From this result, it was eon- 
f}m%ed that the 1 1 had poor water ropeilency and water 
wa£ adsorbed by [he film. 

[0086] Then, thL^ porous film was saturated with water 
and allowed to aruso/b water in a humidifier m 40«C for 
24 hours, followi-*d by heating under vacuum. The 
amount of water lueraled by the heating under vacuum 
was analyzed by }i CMnasa. As a result, water liberab'on 
was great, and from this, It was confirmed that water was 
adsort>ed inside tne film pores. 



Example 6 

[O0S7] A precursor solution prepared in the same 
manner as In Example 7 was subjected to spray drying 
5 to obtain a diy powdar. By the X-ray <£ffrBCtometry« the 
powder obtained was found to have a structure of peri- 
odic arrangement having a spacing of 5.3 nm. ^y the X- 
ray diffraciometry, further, the powder waa found to re- 
tain B periodic hexagonal structure having a Spacing of 
10 4.9 nm even after d^lng end then cabining at 400*C. 
Moreover, It was confirmed by the elemental analyss 
that fluorine atoms were present h the powder in 
amounts of 1 .36 % by weight and the amounts of sodium 
atoms were below the limit of detection (below 10 ppb), 

IS 

Example 9 

[OD88I A film formed In the same manner as in Exam- 
ple 7 was dried, and then extraction of Ihe surface active 
^ agem was carried out using an ethanol eohrem. By the 
X-ray diff ractomelry, the film obtained was found to re- 
tain a structure of periodic arrangement having a spac- 
ing of &4 hm after the extrBetlen» simllariy to Example 
7. As a result of measurement of a film thickness by a 
ss film thickness meter, the film pn^ved to have a unlfomi 
thldcnese of 0.1 pm. In the moisture adsorption test Of 
the film, the weight change was substantially 0 % by 
weight, and this nim proved to be a porous film having 
high water repellency. 
^ [Q0fi9] ~Rien, the film was aaturaied with water and eh 
lowed to adsorb water In e humidifier at 40^C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
Bty2ed by a Q-mass. As a result, water liberation was 
^ not observed, and from VnSs, It was cor^lrni&d that water 
was not substantially adsorbed Ineide the film pores. 

Example 10 

40 [0090] Several droplets of a precuisor solution pre- 
pared in the same manner as in Example 7 were placed 
on a surface of an acetyl ceiluiose film, and the acetyl 
cellulose film was rotated at 2000 ipm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cenulose film was 
d9ssoh^cd wltn methyl acetate 10 obtain a transparent 
seir-supporilng film . By the X-ray difTracLomelry, ihe self- 
supporting film obtained was found to have the same 
^rvoture as that of Example 7. 

so 

Example 11 

[0091] Several dropletfi of a precursor solution pre- 
pared in the same manner ea in Example 1 were placed 
ss on a low-resietance p type silicon wafer for dielectric 
constant measurement, and the silleon wafer was rotat- 
ed at 2000 rpm for 10 socondfi to fomi a film. By The x- 
rey dOTraciometry, the film was found to retain a siruc- 



6 
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Ture ot penodir. Ftrrangemeni hAving b sprang of 2.9 nm 
after calcininn at 400'*C. and it was confirmed from a 
section af phoiagraph of the film that the pw&s had a 
h9xa9ona):ariiingemem stnicture. 
[D092] ' Thei ■ -front and back aurf see eiectrodes were 
fomied by:di.-posltfon, and a dlelearic constant was 
measured in u nitrogsn atmosphdre undarthe condilion 
of a f raquehcy of 1 MHz. As a ra&tjli» the mean dielectric; 
constant was :i4 In the 10-polnt meaeufing method. 

Comparatlva t xarrpie 4 

10093] A di(Hectric constant of a porous slflca film ob> 
laineci in the ^ ime manner as in Comparatlva Example 
1 was nieasuied« The measuremem was made In the 
samemannei iisin Example 11. As a raaun, ihe dielec- 
tric ronstam was 3^. 



that t^o watsr-repcllent porous fiiliea film is particuiftrty 
usafui as a' layer insulation film of a semiconductor or 
the like. 



Claims 



Example 12 

[00d4] Several droplets of a precursor sokiflon pre- 
pared in the Bhrne manner as in Example 1 were placed 
ort a surface r.r e ajijcon wafer of a transistor provided 
with a sourcc/dreln mgion and a gale electrode, and thp 
tr^sistor wa£ rotated at 2000 rpm for 1 0 seconds to 
coat the Billcor* wafer with the precursor soii4ion. There- 
afier, the coating film whs heated at400°C for 1 hour in 
a nitrogen atrr*^phere to obtain a layer insulatloR film. 
A sectional ph«^togr(^h of the layer insulation film was 
observed* and (is a result, it was conftrmed that the layer 
insulation film was a porous filHoa film hawng a spadng 
of about 3 nm itnd having pores with a pertoific hexa^ 
onel finwgemont structure. 

EFFECT OF THE liSJVENmON 

I0D9S] A wait/r-repeKent porous silica having unifonti 
pcres, that is fippllcabla to a light functional material or 
an electron funrrtfonal material, and a process for pre- 
partng the watc i -rapeltant poreu« eilica can be provided 
by the present invention. 

[009B] The w.iter-repellent porous sifica film accord- 
ing to the present invention can retain a pahodic struc- 
ture of poras by virtue of lie water repellency, and as a 
result, the dlQlei.crlcconstant can be lowered. Therefore, 
the watar-repeiiom poroue aillCB film ia favorable as a 
layer Insu^Uon film. 

JNPUgTRIAL A I 'PUCABILITY 

[0097] The water-repellfint porous sIHca film ot the in- 
vention can rotmn a periodic etructum of pores by virtue 
of its water repoiiency, and has an alkali metal content 
of not more thari 1 0 ppb. Hence, the water-repellent po- 
roue fiiiica film j.-. applicable to a catalyst carrier, an ad- 
aorbem,e light iiinctional material, an electron function- 
al material and me like. Moreover, by virtue of the w/^er 
repellency. the dielectric constant can ba lowered, so 



1 . Water- repellent porous silica having unilorm pores, 
which contains fiuorine atoms f ixed in the silica skel- 

ro cton through covalentbonds and has an alkali metal 
contanl of not mora than 10 ppb. 

2. The water-repellent porous silica as claimed In 
Claim 1, wherein the fiuorine content fn the silica 

r5 skeleton is in the range of 0.3 to 15.0 % by weight 

3. The water-^pellem porous silica as claimed In 
dalm 1 or 2, whteh has poras having a mean pore 
5kze ol1 .3 Lo 1 0 nm and has a periodic crystal sLruc- 

^ Utre of hexagonal system when examined by X-ray 
diffractometry. 

4. The water-repellent porous siiloe as claimed in 
claim 1 or 2, which has pores having a mean pore 

^ size of 1 .3 to 1 D nm and has a oryetal Btrvcture of 
irregular arrartgoment. 

5. A process for preparing the water-repellent porous 
silicB of any one of claims 1 to 4, cmprlslng the 

30 stops (4 partially hydrolyzing a ftuorlne-oontaining 
trieikoxysUane represented by the following formula 
and a tetraaikoxysliane under acidic condition, then 
drying a solution resulting from the hydrolysis and 
mixed with a surface active agent, and performing 

^ Cdlclning or extraction; 

(20)3SIR 

<o wherein Z is methyl, ethyl, n^ropyl, l-propyl. n- 
butyl, t-butyl, i«butyl or seohutyl. and R Is a ftiiorine 
atom, (CH2)a(CF2)ft(0(CF2)o).P< (X te 0 fluorine at- 
om, OCF3, OCF(CFg)2, OC(CF3)s, an alkyl group 
or a phenyl group, a IS e number of 0 to 3, b is a 

<^ number or 0 to 3, c is a number of 1 to 3, and d is a 
number of 0 to 3) or CsH^F^} (e is a number of 0 
bo 4). 

6. The process for preparing the water-repellent po- 
BO nous sifica as dalnted in claim 5, wherein the solu- 
tion Is dri^ by spray drying. 

7. The process for preparing the water-repeleni po* 
reus snica as claimed in claim 5 or 6. wherein the 

S5 fiuorine-contajning triaikoxysllane is triethoxyfluor- 

osiiane. 

8. The process for preparing the water-repellent po- 



BwS00COr«EP. _ . . 120643ftAT:l i 



PAGE 13IS1 ' RCVD AT 31812006 1:53:12 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF«24 * DNIS:2738300 ' CSID:4048817777 ' DURATION (m[n-5S):13-52 



Mar-08-2006 01 :59pin Fron-ALSTON AND BIRD 



4048817777 



T-209 P. 014/051 F-027 



17 



EP 1205 438 A1 



18 



rous siiic»i ns ci Aimed in claim 5 or fi. wherein the 
tetraancoxysilane is tetraethoxy&fJane. 

The prcxjcjs for preparing the water-repeltent po- 
reus siiic£i a£ claimed In claim 5 or 6. wherein tho £ 
molar ratk. of the fluorine-containing trialKoxysilane 
to the tetrdr^lkoxysilane Is in tne range of 0.01 to 1 .2. 



10. The pn^cc-^s for preparing the waier-repellent po- 
rous silica as clBimect In claim 5 or 6. wherein the 
number ot mlas of the surface active agent is in 
the range uf 0.003 to 1 time the sum of the numbers 
of moles (ir the fiuDrin&«ome!ning trlalkcxyellane 
and the teuaalkoxysflane. 

11. The proce: s for preparing the water-repeiteni po- 
rous silica (IS claimed In da^ 5 or 6. wfierein ihe 
surface aciivc agent 1$ an al^ammonlumsalt rep* 
resented by the foDowing formula: 



10 



1$ 



20 

■ ■ C,H^,N(CH3l3X 

wherein n i:. an integer of 6 to 24, and X is a hetido 
ion, HSO^* or an organic anion. 

12. The process for preparing the water-rcpeUent po- 
raua aJlioa .^s clalnnad in olaim 5 or 6. wherein the 
surface active agent is a compound having a poly- 
alkylene oicide struoturo. so 

13. A film corrv' rising the waier-repellent porous dliea 
of any one t^i claims 1 to 4. 

14. Ttie film as .:iaimed in claim 13, which has a thick- ^ 
ne66 oi 0.0 1 )im to 2,o mm. 

15. A layer insulation film comprising the film of claim 
13 or 14. 

40 

16. A precursor isojution for forming water-repeiierrt po- 
rous silica, which is obtainod by partially hydrolyz- 
ing a fluorlriu^ontaming triaJkoxyeilane represent- 
ed by the following fomtuia and a tetraBlkoxyslIanfi 
under acidic isondltion and Then mixing the resuning 4s 
hydrolysis st«iuilDn with a surface aatve agent; 



17. The precursor solution for forming water-repellent 
porous silica as claimed In claim 16, wherein the 
molar ratio of the f luorlne-conialning trialkoxysllane 
to the ietFBalko)(ysllane is in the range of 0,oi to 1 .2. 

18. The precursor solution for forming water-rBpeltent 
porous silica as claimed In claim 1 6, wherein the 
number of moles of the surface active ag&nt is In 
the range of 0.009 to 1 time the sum of the numbers 
of moles of the fluorine-containing trialkoxyeilane 
and the totraalkoxysilane. 

19. The precursor solution forfonming water-repellent 
porous silica as daimed in dalm 16, wherein the 
surface active agent is an alkylammonium salt rep- 
resemed oy the following formula: 

wherein n is «n inleger of 6 to 24, and X is e hallde 
Ion, HSO4- or an organic anion. 

20. Tho procursor solution for forming wator-ropollont 
porous siSca as daimad in claim 16, wheroln the 
surface active agent is a compound having a poly- 
elkyiene oxide strtjcfure. 



{ZOJgSIR 

wherein Z i'. nKthyi, ethyl, n-propyl, ii^ropyl, n- 
butyi, t-^utyl. i-butyl oreec-butyl, and R i« a fluorine 
atom, (CH2)..,(CFg)b(0(CF2)jjx (X is a fluorine at- 
om, OCF3. OCF<CFa)a. OC(CF3)3, an eikyi group 
or a phenyl oroup, a is a rtumlser of 0 to 3, b is a 
number of 0 10 3, c is a number of 1 to S. and d is a 
number of 0 10 3) or CqH^F^^j (e is a number of 0 
to 4). 



90 
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